Background. Published data on burden of dementia mainly include patients of third-care facilities. Economic consequences in an outpatient setting remain poorly examined. Objectives. To evaluate institutionalization-free survival and direct health care costs of dementia in the Quebec community-dwelling elderly population. Methods. A retrospective cohort study was conducted using the Quebec administrative claims databases. The cohort included a random sample of patients with treated dementia between January 1, 2000, and December 31, 2009 ( = 37, 138). The reference population included elderly patients without dementia matched in age group, gender, and index date. Using a third-party payer perspective, direct costs over 5 years were assessed. Results. Institutionalization-free survival at 5 years was lower in patients with dementia than in elderly without dementia (38.9% and 72.2%, resp.). Over 5 years, difference in mean total direct health care costs per patient was CAD$19,159, distributed into institutionalizations (CAD$13,598), hospitalizations (CAD$3,312), and prescribed medications (CAD$2,320). Costs of medical services were similar (−CAD$96). In the first year of followup, cost differentials were mainly attributable to hospitalizations, while in the last year (year 5) they were due to institutionalizations. Conclusion. This study confirms that dementia is an important socioeconomic burden in the community, the nature of which depends on disease progression.
Introduction
Dementia is a neurodegenerative disease that affected more than 24 million people across the world in 2005 and should reach 81 million in 2040 [1] . Each year, 4.6 million people receive a diagnosis of dementia. Residents of industrialized countries are more affected by dementia than those of nonindustrialized countries [2] . As the prevalence of this disease doubles every five years after the age of 65, it is estimated that, by 2030, the number of persons with dementia in the USA alone will reach 7.7 million; by 2050, when the majority of the baby boomers will reach 85 years of age, there will be over 13 million Americans with dementia [3] . Alzheimer's disease (AD) is the most frequent aetiology of dementia in patients of age 65 years and older [4] and is the seventh leading cause of death in the USA [4] . Over the past few years, its prevalence has greatly increased owing to an increase in life expectancy and ageing of the population [5] . The prevalence of dementia varies according to various factors, such as age, comorbidity, genetics, and education. Natural history of the disease is characterized by a worsening of cognition (thinking, reasoning, and memory) and of functional abilities (e.g., activities of daily living), as well as behaviour and mood disorders. As of today, there are no treatments to stop the progression of dementia. At best, current pharmacological treatments delay disease progression.
Currently, the main therapeutic class for the treatment of mild to moderate dementia is acetyl cholinesterase inhibitors (ChIs), which include donepezil, rivastigmine, and galantamine, while memantine is prescribed for moderately severe to severe dementia. The efficacy of ChIs has been demonstrated in randomized controlled trials for outcomes such as cognition, global function, and behavioral symptoms as well as on delaying institutionalization.
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Dementia is associated with an important economic burden, with costs incurred by the health care sector, social care sector, and formal or informal caregivers [6] . It is also known that caregiver burden can predict institutionalization of the person with dementia [7, 8] . Such burden on the caregivers can also affect their quality of life through decreased mental well-being caused by stress and worry and also the opportunity cost of reduced time for leisure activities and self-care [9] .
Worldwide, direct health care costs associated with AD and other dementias have been estimated to be US$600 billion annually [10] . Data on the economic consequences of dementia remain scarce in the literature, the most recent findings originating from the USA [11] or China [12, 13] . The majority of published studies include institutionalized patients, which account for only 51% of the population with dementia in Canada [14, 15] . We conducted a study to evaluate the survival and time to institutionalization among patients with dementia compared to those without diagnosed dementia. In addition, the direct health care costs associated with dementia in the community-dwelling elderly population over the short term (one year) and longer term (five years), using a third-party payers perspective, were also determined. A secondary objective was to identify the principal determinants of costs over time.
Methods
Study Design.
A retrospective cohort study was conducted using the health care databases of the province of Quebec (Canada). The target population was that of communitydwelling elderly patients (age 66+) with treated dementia. Due to the likely underreporting of dementia diagnosis in administrative claims data, ChI dispensing was used as a marker for dementia. In Quebec, reimbursement of ChI initiation is restricted to those patients with mild to moderate dementia who experience functional impairment. Reimbursement of ChI is conditional on the cognitive status of the patient. Treatment may be initiated in patients with a Mini-Mental State Examination (MMSE) score ranging from 10 to 26 (or 27 to 28, under exceptional circumstances). Assessment of the patients in 5 domains must also be provided: cognition, mood, behavior, activities of daily living, and social abilities. Reimbursement is initially granted for 6 months (initial prescription 5 refills). After this initial period, renewals are conditional on treatment effectiveness: MMSE score must remain at least 10, and a maximum decrease of 3 points in the past 6 months is allowed. In addition, stabilization or improvement of symptoms of at least 1 of the 5 domains must be observed. With these conditions for the reimbursement, we believe that all patients using ChIs really suffer from dementia. Cholinesterase inhibitors include donepezil (ARICEPT), rivastigmine (EXELON), or galantamine (REMINYL). Main study outcomes were direct health care costs (drugs, medical services, hospitalizations, and institutionalizations) over a follow-up period of one year and five years after ChI treatment initiation. Costs of health care usage among elderly with dementia were compared to those in a cohort of community-dwelling elderly without a diagnosis of dementia.
Data
Sources. Four Quebec health care databases were used, namely, (1) the prescription claims database of the public drug program (RAMQ prescription database), (2) the medical services claims database of the public health care program (RAMQ medical services database), (3) the beneficiary database of the drug plan members, and (4) the provincial hospital discharge database (MED ECHO). The Quebec public drug program covers outpatient prescriptions for over 97% of residents of age 65 and over. Inpatient prescriptions, overthe-counter medications, drugs not included in the formulary of reimbursed medications of the public drug program, For each claim, the following informatio or those out-of-pocket are not included in the database. The RAMQ prescription database collects information on the name of the drug, number of units dispensed, dosage, prescribed duration, date of dispensing, and costs (including pharmacist dispensing fee). The Quebec medical services program is universal; that is, it covers all residents of the province regardless of age or income. The RAMQ medical services database includes all claims submitted by physicians according to a fee-forservice payment structure. For each claim, the following information is recorded in the database: type of service or procedure (coded according to the Canadian classification of diagnostic, therapeutic, and surgical procedures), date, location (private practice, emergency department, hospital, long-term care unit, or institution), diagnostic code (ICD-9 classification), and costs. Institutionalization was identified through the location of the medical services. Because the date of death is unavailable in the database, absence of medical and pharmaceutical services for at least 3 months was used as a proxy for death. This algorithm to ascertain death has been validated in a previous study and was found to be 96% accurate [16] . Discharges from the great majority of Quebec hospitals are recorded in the MED ECHO database. For each discharge, the following information is available: date of admission and discharge, main diagnosis, and up to 10 secondary diagnoses. Diagnoses were coded using ICD-9 until March 31, 2006, and ICD-10 ever since.
Study Population.
Given the extensive underascertainment of dementia in physician claims data, dementia was ascertained using ChI dispensing [17] . ChIs are used by demented elderly to control for their loss of memory. Cholinesterase inhibitors increase the level of a brain chemical called acetylcholine. People with dementia have decreased brain levels of this neurotransmitter. Increasing the amount of acetylcholine appears to slow mental decline in people with dementia. However, it is known that this drug does not work in all demented elderly. Considering that, the rate of false positive is really low, but we know that it is possible that we miss some patients. Drug plan members of age 66 and over who were dispensed ChIs between January 1, 2000, and December 31, 2009, were included in the cohort of community-dwelling patients with dementia. The date of entry in the cohort was the date of first dispensing of a ChI during the study period. To avoid misclassification of Journal of Geriatrics 3 exposure by patients who filled a first prescription but never took the drug, only those patients who received at least one refill during the year after the initial dispensing were eligible. Patients who had received medical services in long-term care units in the year prior to cohort entry were excluded.
Comparison Cohort.
A comparison cohort of community-dwelling elderly without diagnosed dementia, matched in a 1 : 1 ratio for sex, age group (65-69; 70-74; 75-79; 80-84; 85 and over), index year, and month, was created through a random sample of elderly drug plan members with no diagnosis of dementia or dispensing of ChI or memantine during the study period (2000-2009).
Followup.
Patients were followed for up to five (5) years after index date or until the first of the following censoring events: (i) death or (ii) end of study period (December 31, 2009). For the analysis of institutionalization-free survival, institutionalization was also a censoring criterion.
Resource Use and Costs.
Health care resources used by patients with and without dementia were identified through the occurrence and frequency of physician encounters, medical interventions or procedures, dispensed medications, institutionalizations, and hospitalizations. The number of days of hospitalization was determined using MED ECHO database and the number of days of institutionalization over the 5-year followup was determined using the location where medical services were rendered. Hospitalization costs were based on an index called Niveau d'Intensité Relative des Ressources Utilisées (NIRRU) provided in the MED ECHO database [18] . The NIRRU is a measure of inpatient resources used by a patient or a group of patients. Costs were obtained by multiplying this index by the calendar year's adjusted average cost of acute-care hospitalization in Quebec. Institutionalization costs were calculated using the duration of the stay and the National List of Provincial Costs for Health Care [19] . Medical history was ascertained at the index date, using data on medications dispensed in the previous year. Drugs of interest were those found to be significantly associated with the risk of death in the outpatient elderly population, as determined in a previous study that we have conducted [20] . At-risk patients were those who were dispensed the following drugs: anxiolytics, acetyl salicylic acid (ASA), antidepressants, nonsteroidal anti-inflammatory drugs (NSAIDs), lipid-lowering agents, antihypertensives, and hypoglycemic agents. In addition, history of cerebrovascular disease was assessed.
2.7.
Perspective. This study was performed according to the perspective of public third-party payers. Accordingly, only direct health care costs covered by the public health care program were considered in the analysis. The RAMQ databases (medical services and drugs) record, respectively, physicians and pharmacists fee-for-service billings, which are direct health care costs. For drugs, the cost includes the drug cost and the dispensing fee but excludes the deductible and copayment paid by the patient. 
Statistical Analysis.
For the descriptive analysis of study participants and use of health care resources, we calculated means (standard deviations, SD) and proportions, where appropriate. Mean difference in resource utilization and costs were compared using -test or nonparametric approaches (Wilcoxon). Analyses of differences in costs between the two cohorts took into account death during followup. Time-to-event analysis, which corresponds to overall survival (OS), and institutionalization-free survival (IFS), defined as the delay between index date (i.e., date of entry in the cohort) and date of death or of institutionalization, respectively, were used. Survivals in each cohort at one year and at five years after index date were compared using a logrank test.
Level of statistical significance was set at 0.05. All analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC, USA).
Ethical Considerations.
The study was approved by the Ethics Committee of the Université de Montréal as well as the Quebec Privacy Commissioner. All identifiers (patients, physicians, and institutions) were encrypted.
Results
Demographic Characteristics.
A total of 37,138 patients were included in the cohort of community-dwelling elderly with treated dementia, who were matched to 37,138 elderly in the comparison cohort. Baseline characteristics of the study population are shown in Table 1 . More than 50% of the study population was aged 80 and over. ChIs prescribed at treatment initiation consisted of donepezil (70.2%), galantamine (17.9%), or rivastigmine (11.9%). Very few patients used memantine (≤0.01%). Figure 1 for the dementia cohort, overall survival (OS) was low at five years (OS = 42.6%), compared to the comparison cohort (OS = 73.2%) ( < 0.001). Institutionalization-free survival rate at 5 years was much lower in patients with dementia (38.9% and 72.2%, resp., < 0.001). The difference between the dementia and nondementia cohort was less at one year than over the 5-year period for OS (91.3% and 96.9%, < 0.001) and for institutionalization-free survival (89.3% and 96.8%, < 0.001). Table 2 the usage of outpatient and inpatient care (using the NIRRU indices) for the first and the five-year follow-up period is shown. It can be observed (18, 867) that patients with dementia had an average of 29 medical services provided by a physician per year (SD = 36; range: 0-514) compared to 23 for nondementia patients (SD = 24; range: 0-826). The difference was statistically significant ( < 0.001). An important proportion of those physician encounters were billed by specialists, especially in the cohort of patients without dementia. The mean length of stay in tertiary care units increased exponentially over time among patients in both cohorts. For patients with dementia, the mean duration was 4 days (SD = 31.5) during the first year compared to 82 days (SD = 308.3) during the entire five-year period. In the nondementia cohort, the mean number of days of institutionalization was 0.4 days (SD = 9.9) during the first year and 9.4 days (SD = 115.1) for the five years.
Risk of Death and Institutionalization. As shown in
Resource Utilization. In
Direct Costs.
Over the first year of followup, mean total health care costs were higher for patients with dementia than for patients without dementia: CAD$8,360 (SD CAD$11,667) and CAD$5,448 (SD CAD$9,970), respectively. Most of this difference was accounted for by the costs of ChIs (CAD$1,285; SD CAD$651), the remainder of the difference being attributable to institutionalization and hospitalization costs (difference per patient of CAD$684 and CAD$1,103 for institutionalization and hospitalization costs, resp.). Over the five-year period, mean total health care costs in the dementia cohort were approximately twice that of the comparison cohort: CAD$38,200 (SD CAD$62,180) and CAD$19,042 (SD CAD$31,346), respectively (Table 3 ). Cost differences were mainly related to ChI dispensing (CAD$3,638), hospitalizations (CAD$3,312), and institutionalizations (CAD$13,598). Even if the mortality rate is high in the dementia cohort (57.4%) compared to the reference cohort (26.8%) ( < 0.001), which leads to more frequent censoring in the dementia cohort, overall health care costs still increased significantly over the 5-year period.
Cost differentials were also assessed in subgroups of atrisk patients. With the exception of users of lipid-lowering agents, total health care costs of users of anxiolytics, ASA, antidepressants, antihypertensives, and hypoglycemic agents were greater than among nonusers, throughout the study period. This is rather expected given that these drugs indicate the presence of comorbidity and are associated with death. However, presence of this comorbidity reduces the cost differentials between dementia and nondementia patients. For example, during the first year, difference in total costs between dementia and nondementia patients among antidepressant users was CAD$1,955 while the difference was CAD$2,878 for nonusers of antidepressants. Similarly, over the five years, the difference in costs between dementia and nondementia patients was CAD$15,417 among users and CAD$19,044 among nonusers. As shown in Table 4 , the same trend was found for all other subgroups of patients with comorbidity, whereby the difference in costs between dementia and nondementia patients was lower when a given comorbidity was present.
Discussion
Our study confirms that dementia is an important socioeconomic burden for third-party payers. Results show that the overall survival of these patients is low at one year or five years, compared to patients without diagnosed dementia. These findings corroborate prior research findings, which also showed high mortality rates among patients with dementia [21, 22] . Previous studies have indicated that patients above the age of 65 survive for an average of 4 to 8 years after a diagnosis of AD [23] . Regardless of the cause of death, 61% of people with AD at the age of 70 are expected to die before the age of 80 compared with 30% of persons without AD [23] .
Our study showed that medical services, especially those rendered in an inpatient setting, are the main drivers of costs associated with dementia in Quebec. These results are consistent with those reported in the literature whereby most of the costs among patients diagnosed with AD originate from hospital care [24] . Syncope, fall, and trauma have been shown to account of 26% of hospitalizations among patients with AD [24] . According to cross-sectional data, about 25% of all hospitalized patients of age 65 years and older have 6 Journal of Geriatrics AD or other forms of dementia [24] . In our study, costs of hospitalization in patients with dementia were very high in the early year of followup, followed by a switch in the distribution of costs, from hospitalization toward institutionalization, as shown by the high costs of institutionalization at five years. ChIs also accounted for an important portion of cost differentials, although the impact is somewhat offset by a decrease in the use and costs of other drugs. Another important feature is that even if the mortality rate is high in the dementia cohort after 5 years, aggregate costs continue to increase exponentially. Results also showed that the cost differentials across the two populations decrease with age.
In our study, we also examined institutionalization-free survival. Only one-third of patients with dementia were still alive and living in the community at five years. Our findings are consistent with those of a previous study which showed that nursing home admission by the age of 80 is expected for 75% of patients with dementia compared with only 4% of the general population [4] . Because the risk of institutionalization increases as patient cognition and functional status decline, direct costs will increase as dementia reaches the severe stage. Consequently, treatments that can delay or reverse disease progression have the potential to reduce direct health care costs, in particular those associated with institutionalization. Furthermore, this study highlights the importance of long-term followup in real-world studies that attempt to assess outcomes of interventions in this population since hospitalization appears to be more relevant in the short term while institutionalization must be an outcome of interest in the longer term.
One of the limitations of our study is that only direct costs were considered, which only accounts for a portion of the burden of illness in this population. Indirect costs such as lost productivity, travel time, and waiting time were not taken into consideration. However, such limitation is attenuated due to the fact that this population typically Journal of Geriatrics 7 includes patients who are retired. Costs associated with loss in productivity among caregivers, family members, or other assistance such as nurse's aide or housekeeper would be more relevant. Such indirect costs are expected to be much greater in the community-dwelling population with dementia than in institutionalized patients. In addition, costs were assessed through usage of medical services rendered in institutions or long-term care units, as well as through outpatient medical encounters. There may have been misclassification of patients if they had been institutionalized or died outside the province of Quebec. However, such misclassification would likely be minimal and most probably nondifferential across comparison cohorts. On the other hand, claims databases, such as the RAMQ, have been criticized for absence of data on the reliability of diagnostic codes. ChIs products are very specific to dementia and are not prescribed for another indication. Among the inclusion criteria for the study, patients needed to have at least two dispensings of ChI in a given year to make sure that they were exposed and that they had dementia. Unlike other studies, death and institutionalization are not outcomes that are affected by diagnostic errors in claims database.
Strengths of this study are numerous. Since the use of ChIs is specific to dementia, we are confident that our dementia cohort included only patients with dementia. Furthermore, this study was truly population-based given that the RAMQ database includes the great majority of Quebec elderly residents. Hence, there is no generalizability issue associated with our study. Through the RAMQ claims databases, we were able to conduct a population-based study over the long term. Furthermore, cost parameters were associated with "real-life" patterns of health care use, which provided evidence on the cost of dementia, as opposed to cost-efficacy results that are based on data originating from clinical trials. In addition, the availability of Quebec-specific cost data should be useful to local policy makers, since the most recent data originate from the USA or China, where health care systems differ.
Costs of hospitalization and institutionalization were the most important direct costs in this study. It is worth noting that in Canada the economic burden of AD in 2008 was estimated at $15 billion and it is expected to reach $153 billion by 2038. These costs include direct health care costs, opportunity costs of informal caregivers, and indirect costs [15] . Consequently, effective interventions that delay institutionalization or prevent hospitalization could lead to potential cost savings.
